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Preface 


This  user’s  guide  documents  the  computer  program  TEMPER  (X8305). 

The  program  can  be  used  to  estimate  the  imiform  and  linear  temperature  distri¬ 
butions  in  arch  dams.  The  program  uses  the  theoretical  methods  described  in 
“Control  of  Cracking  in  Mass  Concrete  Structures”  by  the  U.S.  Department  of 
the  Interior,  Bureau  of  Reclamation.  The  user’s  guide  discusses  the  limitations 
of  the  program,  provides  a  description  of  the  data  required  to  run  the  program, 
describes  the  input  and  output  files,  and  provides  example  files. 

This  user’s  guide  was  written  by  Mr.  Terry  W.  West  (formerly  of  the 
Jacksonville  District)  under  the  direction  of  the  Computer-Aided  Structural 
Engineering  (CASE)  Arch  Dam  task  group.  Task  group  members  during  the 
development  of  this  user’s  guide  were: 


Mr.  Byron  J.  Foster 

CESAD-EN  (Chairman) 

Mr.  G.  Ray  Navidi 

CEMP-ET  (formerly  CEORH-ED) 

Mr.  William  K.  Wigner 

CESAJ-END 

Mr.  Jeny  L.  Foster 

CECW-ED 

Mr.  Donald  R.  Dressier 

CECW-ED 

Mr.  H.  Wayne  Jones 

CEWES-IM-DS  (Task  Group  Coordinator) 

Mr.  David  A.  DoUar 

Bureau  of  Reclamation 

Mr.  Larry  K.  Nuss 

Bureau  of  Reclamation 

Mr.  Terry  W.  West 

Federal  Energy  Regulatory  Commission 
(formerly  CESAJ-EN) 

The  work  was  accomplished  imder  the  general  supervision  of 

Dr.  N.  Radhakrishnan,  Director,  Information  Technology  Laboratory  (ITL), 

U.S.  Army  Engineer  Waterways  Experiment  Station  (WES),  and  under  the 
direct  supervision  of  Mr.  H.  Wayne  Jones,  Chief,  Computer-Aided  Engineering 
Division  (CAED),  ITL.  The  technical  monitor  for  Headquarters,  U.S.  Army 
Corps  of  Engineers,  was  Mr.  Jerry  Foster. 

At  the  time  of  publication  of  this  report.  Director  of  WES  was 
Dr.  Robert  W.  Whalin.  Commander  was  COL  Bruce  K.  Howard,  EN. 


The  contend  of  this  report  are  not  to  be  used  for  advertising,  publication, 
or  promotional  purposes.  Citation  cf  trade  names  does  not  constitute  an 
official  endorsement  or  approval  of  the  use  of  such  commercial  products. 


Conversion  Factors,  Non-SI  to 
SI  Units  of  Measurement 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI  units 
as  follows: 


1  Introduction 


Background 


Computer  program  TEMPER  (X8305)  was  developed  to  provide  a  fast  and 
convenient  way  of  predicting  the  temperature  distributions  in  an  arch  dam. 

The  output  from  TEMPER  is  designed  to  provide  the  temperature  loads  for  use 
in  other  programs  such  as  the  Arch  Dam  Stress  Analysis  System  (ADSAS) 
Program.  To  estimate  the  mean  concrete  temperatures,  the  TEMPER  program 
uses  the  theoretical  methods  described  in  “Control  of  Cracking  in  Mass 
Concrete  Structures”  by  the  U.S.  Department  of  the  Interior,  Bureau  of 
Reclamation  (BOR  1981).  In  addition,  the  formats  for  many  of  the  summary 
tables  produced  by  TEMPER  are  fashioned  after  similar  computer  programs 
developed  by  the  BOR. 


Limitations 


The  method  of  temperature  prediction  used  in  TEMPER  is  based  on  clas¬ 
sical  heat  flow  methods  and  should  not  be  confrised  with  more  sophisticated 
methods  which  model  transient  heat  flow.  The  method  used  by  TEMPER 
involves  determining  the  range  of  mean  concrete  temperatures  that  a  slab  of 
concrete  will  experience  if  it  is  exposed  to  varying  temperatures  on  its  two 
faces. 

TEMPER  assumes  a  linear  distribution  of  temperatures  between  the 
upstream  and  downstream  faces.  This  assumption  is  generally  acceptable  for 
relatively  thin  arch  dams.  Concrete  dams  with  relatively  thick  sections  will 
experience  a  somewhat  different  temperature  distribution  since  the  interior 
mass  may  not  respond  as  quickly  to  changes  in  temperature  at  the  faces. 
Therefore,  for  gravity  dams  and  thick  arch  dams,  the  linear  assumptions  may 
not  be  appropriate,  especially  during  the  later  phases  of  the  design  process. 

In  addition  to  the  above  method  limitations,  the  program  is  limited  to 
26  elevations. 
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Units 


The  units  used  in  TEMPER  are  feet  and  degrees  Fahrenheit 
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2  Required  Data 


TEMPER  detennines  average  temperature  distributions  within  a  dam  based 
on  the  layout  of  the  dam,  the  diffusivity  of  the  concrete,  and  various  site- 
specific  conditions.  The  site  conditions  include  air  temperatures,  reservoir 
water  temperatures,  and  solar  radiatioa 


Air  Temperatures 

Air  temperature  data  needed  include  the  average  high  and  low  temperatures 
for  each  month  and  the  extreme  high  and  low  temperatures  ever  recorded  at 
the  site.  If  air  temperature  data  for  the  damsite  are  not  available,  then  data 
from  the  closest  National  Weather  Service  (NWS)  weather  station  can  be  used. 
The  program  will  adjust  the  temperature  data  to  account  for  elevation  and 
latitude  differences. 


Reservoir  Water  Temperatures 

For  existing  dams,  the  average  maximum  and  minimum  reservoir  water 
temperatures  should  be  used.  For  new  dams,  the  temperature  can  be  estimated 
by  performing  a  detailed  thermal  stratification  study  or  can  be  estimated  based 
on  measured  temperatures  at  nearby  reservoirs.  EM  1110-2-2201  (Head¬ 
quarters,  U.S.  Army  Corps  of  Engineers  1994)  provides  additional  guidance  on 
how  reservoir  temperatures  can  be  estimated. 


Concrete  Diffusivity 

Thermal  diffusivity  can  be  measured  using  CRD-C  37  (U.S.  Army  Engineer 
Waterways  Experiment  Station  (1949).  Since  the  aggregate  has  the  greatest 
influence  on  thermal  diffusivity,  the  tests  should  be  performed  using  the  aggre¬ 
gate  proposed  for  new  construction.  If  test  results  are  not  initially  available, 
then  typical  values  can  be  used.  Diffusivity  usually  ranges  between  0.20  and 
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0.60  fit^/day.^  Table  1  represents  typical  values  based  on  severely  different 
types  of  aggregate. 


Table  1 

Typical  Diffusivity  Values  for  Various  Aggregates 

Coarse  Aggregate 

Diffusivity,  ft^/hr 

Quartzite 

0.058 

Limestone 

0.051 

Doiomite 

0.050 

Granite 

0.043 

Rhyoiite 

0.035 

Basalt 

0.032 

Adapted  from  American  Concrete  Institute  (ACi)  207.1  R  (ACI  1994). 

Dam  Layout 

There  are  several  variables  needed  for  each  arch  elevation  to  be  evaluated. 
These  include  the  thickness  of  the  dam,  the  slope  of  the  surface  from  vertical, 
the  angle  between  north  and  the  normal  to  surface,  and  a  terrain  factor.  The 
thickness  of  the  dam  is  the  average  thickness  of  the  dam  from  abutment  to 
abutment.  The  slope  and  angle  to  north  are  needed  for  three  cantilever 
sections:  the  crown  cantilever  and  cantilevers  near  the  quarter  points  of  the 
crest.  Figures  1  and  2  demonstrate  how  the  slope  and  angle  are  determined. 
The  terrain  factor  is  usually  the  average  value  for  the  three  cantilever  sections. 
Figure  3  shows  the  procedure  used  to  determine  the  terrain  factor  for  each 
elevation. 
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A  table  of  factors  for  converting  non-SI  units  of  measurement  to  SI  is  presented  on  page  v. 
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Figure  1 .  Measuring  the  angle  between  north  and  the  normal  to  the  surface 
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Figure  2. 


Negative  slope  indicates  either 
undercutting  or  an  overhang. 


Determining  slope  of  surface 
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Figure  3.  Procedure  for  determining  terrain  factors  section  taken  east-west  (looking  north) 
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3  Input 


TEMPER  prompts  the  user  for  the  names  of  the  input  and  output  files. 
Data  in  the  input  file  should  be  input  according  to  the  following  guide.  All 
input  is  in  free  field  (a  comma  or  at  least  one  blank  should  separate  data 
items).  An  example  input  file  is  shown  in  Appendix  A. 


TITLE 

TITLE  -  any  alphanumeric  information  to  identify  the  problem.  (80  characters 
maximum) 

DELEV,  DLAT,  TELEV,  TLAT 

DELEV  -  elevation  of  the  damsite 
DLAT  -  latitude  of  the  damsite 

TELEV  -  elevation  of  the  town  or  weather  station  (source)  for  the  air 
temperatures 

TLAT  -  latitude  of  the  town  or  weather  station  (source)  for  the  air 
temperatures 

TOWN 

TOWN  -  name  of  the  town  or  weather  station  where  the  air  temperature  was 
measured 

STATE 

STATE  -  name  of  the  state  where  the  town  or  weather  station  is  located 
TEMPa,l),  TEMPa,2) 

TEMP(I,1)  -  average  low  air  temperature  for  the  month  (deg-F) 

TEMP(I,2)  -  average  high  air  temperature  for  the  month  (deg-F) 

Note:  Repeat  this  line  of  data  12  times,  one  line  of  data  for  each  month, 
beginning  with  January. 
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TLOWBC,  TfflGHBC 

TLOWBC  -  lowest  recorded  air  temperature  at  the  source 

THIGHBC  -  highest  recorded  air  temperature  at  the  source 

DIFF,  NOELE 

DIFF  -  concrete  diffiisivity  (square  feet  per  hour) 

NOELE  -  number  of  elevations 

ELE®,  THICK(I),  WATERa,!),  WATERa^) 

ELE(I)  -  elevation 

THICK(I)  -  average  concrete  thickness  for  the  elevation 

WATER(I,1)  -  maximum  water  temperature  at  that  elevation 

WATER(I,2)  -  minimum  water  temperature  at  that  elevation 

Note:  Repeat  this  line  of  data  NOELE  (number  of  elevations)  times.  If  the 
normal  water  surface  is  below  ELE(I),  then  enter  zero  for  WATER(I,1). 
If  WATER(I,1)  is  input  as  zero,  then  the  effects  of  water  are  not 
included  in  the  calculations  at  ELE(I). 

C(D,  AN®!),  ANa^Z) 

C(I)  -  cantilever  number 

AN(I,1)  -  upstream  angle  to  north  corresponding  to  the  cantilever  (see 
Figure  1) 

AN(I,2)  -  downstream  angle  to  north  corresponding  to  the  cantilever  (see 
Figure  1) 

Note:  Repeat  this  line  of  data  for  each  of  the  three  cantilevers.  Angles  to 
north  must  be  between  0  and  180  deg. 

TFACT®,  (SLOPEa,K)^=l,6) 

TFACr(I)  -  terrain  factor  (see  Figure  3) 

SLOPE(I,K)  -  concrete  slope  from  vertical  (see  Figure  2) 

Note:  Repeat  this  line  of  data  NOELE  (number  of  elevations)  times.  Slopes 
must  be  either  -1.0  or  be  between  -0.4  and  1.0.  Negative  slopes  indi¬ 
cate  either  undercutting  or  overhanging  (see  Figure  2).  If  the  base  of 
the  cantilever  is  below  ELE(I),  then  enter  -1.0  for  SLOPE(I,K).  If 
SLOPE(I,K)  is  input  as  -1.0,  then  the  effects  of  solar  radiation  are  not 
included  in  the  escalations. 
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GROUT 


GROUT  -  closure  temperature  (deg-F). 

Note:  Repeat  this  line  for  each  grout  temperature  under  consideration. 
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4  Output 


Output  is  written  to  a  file  which  can  be  viewed  at  the  terminal  or  sent  to  a 
printer.  The  ouQjut  includes  a  listing  of  the  input  data  file;  the  ambient  air 
temperatures  for  each  month;  the  base  ambient  air  temperatures;  elevation  and 
latitude  corrections;  amplitudes  of  air  temperatures;  concrete  temperatures  with 
air  effects  only,  with  air  and  reservoir  effects,  and  with  the  effects  of  solar 
radiation;  and  the  ADSAS  temperatures  for  each  month  for  usual  conditions 
and  mean  conditions  with  air  on  both  faces  and  with  air  on  downstream  face 
and  water  on  upstream  face. 

The  following  calculations  are  used  to  produce  the  output  fde  and  are  based 
primarily  on  the  theoretical  methods  used  in  BOR  (1981).  Table  numbers  cor¬ 
respond  to  those  in  the  example  output  file  (Appendix  A). 

Mean  Monthly  Air  Temperatures  (Table  1  in 
Appendix  A) 

The  mean  monthly  air  temperature  T  is  assumed  to  be  the  average  of  the 
minimum  and  maximum  values  from  the  input  file,  calculated  for  each  month 
in  degrees  Fahrenheit  as: 

T  =  TempiX)  +  Tempi!) 

lo 


where 

Tempil)  =  minimum  ambient  air  temperature  for  the  month 

Tempi!)  =  maximum  ambient  air  temperature  for  the  month 

The  mean  annual  base  ambient  air  temperature  is  calculated  by  adding  the 
T  values  for  each  month  together  and  dividing  by  12  (the  number  of  months  in 
a  year). 
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Elevation  and  Latitude  Corrections  (Table  2  |n 
Appendix  A) 


When  air  temperature  data  from  a  source  away  from  the  damsite  is  used, 
then  a  correction  must  be  made  to  the  data.  The  correction  value  is  based  on 
the  difference  between  the  elevation  and  latitude  of  the  weather  station  and  the 
damsite.  The  air  temperatures  are  adjusted  by  1  °F  for  each  250-ft  change  in 
elevation  and  for  each  1.4-deg  change  in  latitude. 


Celev  = 

Clat  =  . 


Telev  -  Delev 
2500 

Tlat  -  Dlat 


1.4 

Ctot  =  Celev  +  Clat 


(2) 

(3) 

(4) 


where 

Celev  =  correction  factor  for  elevation 
Clat  =  correction  factor  for  latitude 
Telev  =  elevation  of  the  town  (source)  for  air  temperatures 
Delev  -  elevation  of  the  damsite 
Tlat  =  latitude  of  the  town  (source)  for  air  temperatures 
Dlat  =  latitude  of  the  damsite 
Ctot  =  total  correction 

Ctot  from  Equation  4  is  added  to  the  mean  base  ambient  air  temperatures  at 
the  source  to  obtain  the  corrected  values  for  the  damsite. 

Amplitudes  of  Air  Temperatures  (Table  3  in 
Appendix  A) 

The  amplitudes  of  air  temperatures  are  calculated  as  shown  below.  The 
annual  and  daily  amplitudes  are  assumed  to  be  the  same  for  mean  and  usual 
weather  conditions. 
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Period 

Mean  Conditione 

Usual  Conditions 

Above  Mean 

Below  Mean 

Above  Mean 

Below  Mean 

Yearly 

Amp  (1,1) 

Amp  (1,2) 

Amp  (1,3) 

Amp  (1,4) 

7-Day 

Amp  (2,1) 

Amp  (2,2) 

Amp  (2,3) 

Amp  (2,4) 

Daily 

Amp  (3,1) 

Amp  (3,2) 

Amp  (3,3) 

Amp  (3,4) 

where 


Amp  (1,1)  =  Thmm  -  Tmean 
Amp  {1,2)  =  Tmean  -  Timm 

Amp  (2,1)  =  0.0  (”7) 

Amp  {2,2)  =  0.0  (8) 

AmpO,n  =  (9) 

Amp{3,2)  =  Amp(3,l)  (^0) 

Amp(l,3)  =  Amp(l,l) 

Amp(l,4)  =  Amp(l,2)  (12) 

Amp{2,3)  =  Abs[{Amp{l,l)  +  Amp(3,l)]  -  ^22^ 

2.0  -  Tmean 

Amp  (2,4)  =  A65[(Amp(l,2)  +  Amp  (3,1)] 

Tmean  -  {Tlow  +  Tlmmm)  (^^^ 

~  2j0 

Amp(3,3)  =  Amp(3,l)  (15) 
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Amp(3,4)  =  Amp(3A) 


(16) 


where 

Thmm  =  Highest  mean  monthly  air  temperature  recorded  at  the  dam 

Tmean  =  Mean  annual  base  ambient  air  temperature  recorded  at  the  dam 

Timm  =  Lowest  mean  monthly  air  temperature  recorded  at  the  dam 

Tmindif  =  Minimum  difference  between  the  mean  monthly  maximum  and  the 
corresponding  mean  monthly  minimum 

Thigh  =  Highest  maximum  recorded  air  temperature  at  the  dam 

Thmmm  =  Highest  mean  monthly  maximum  recorded  at  the  dam 

Tlow  =  Lowest  minimum  recorded  air  temperature  at  the  dam 

Tlmmm  =  Lowest  mean  monthly  minimum  recorded  at  the  dam 


L1  Values  (Table  4  in  Appendix  A) 

As  described  in  EM  1110-2-2201,  a  correction  factor  is  needed  to  compute 
an  “effective”  slab  thickness.  This  effective  thickness  is  related  to  the  actual 
thickness  of  the  dam,  the  diffusivity  of  the  concrete,  and  the  air  cycle  being 
utilized—yearly,  7-day,  or  daily.  Once  the  effective  thickness  is  known,  the 
ratios  for  each  cycle  can  be  obtained  based  on  Figure  11  of  BOR  (1981).  The 
effective  slab  thickness  LI  for  each  air  temperature  cycle  is  obtained  at  each 
elevation  as  follows: 


Annual:  LI  = 

Thick 

(17) 

^Diff  *  8760.0 

1-Day:  LI  = 

Thick 

(18) 

yjDiff  *  168.0 

Daily:  LI  =  . 

Thick 

(19) 

^Dijf  *  24.0 


where 

Thick  =  thickness  of  the  dam  at  that  elevation 
Dijf=  concrete  diffusivity 
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Mean  Concrete  Temperatures  with  Air  Effects 
Oniy  (Tabie  5  of  Appendix  A) 


For  each  value  of  LI  shown  in  Table  4  (in  Appendix  A),  a  ratio  of  the 
variation  of  mean  concrete  temperature  to  the  variation  of  external  temperature 
is  obtained.  The  ratios  R  are  based  on  Figure  11  of  BOR  (1981).  The  prod¬ 
ucts  of  these  ratios  and  their  respective  amplitudes  from  Equations  5-16  are 
algebraically  added  to  and  subtracted  from  the  mean  annual  air  temperature  to 
obtain  mean  concrete  temperatures  for  the  condition  of  air  on  both  faces. 

For  /=  1  to  the  number  of  elevations 


Concrete  temperatures,  mean  conditions: 


Above  mean: 

Aj>(/,1)  =  Amp(l,l)  *  R(Iyl)  +  Amp(2,l) 
+  Amp(3,l)  *  R(/,3) 

*  R(l,2) 

(20) 

Below  mean: 

Air(I,2)  =  Amp(l,2)  *  R(/,l)  +  Amp(2,l) 
+  Amp  (3,2)  *  R(l,3) 

*  R(l,2) 

(21) 

Maximum: 

Air(l,3)  =  Tmean  +  A/r(/,l) 

(22) 

Minimum: 

Air(l,4)  =  Tmean  -  Air(I,2) 

(23) 

Concrete  temperatures,  usual  conditions: 


Above  mean:  Air(I,5)  =  Amp(l,3)  *  /?(/,!)  +  Amp(2,3)  *  R{I,2)  ^24) 

+  Amp{3,3)  *  /?(/,3) 

Below  mean:  Air{I,(i)  -  Amp{\,Ai)  *  /?(/,!)  +  Amp(2,4)  *  /?(L2)  ^25) 

+  Amp  (3,4)  *  R(I,3) 

Maximum:  Air(J,l)  =  Tmean  +  Air(I,5) 

Minimum:  Air(J,%)  =  Tmean  -  Air{Ifi) 
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Mean  Concrete  Temperatures  with  Air  and  Reser¬ 
voir  Effects  Only  (Table  6  in  Appendix  A) 

Mean  concrete  temperatures  which  would  result  from  a  fictitious  condition 
of  water  on  both  faces  are  then  obtained,  and  the  two  conditions  (air  only  and 
water  only)  are  simply  averaged  together  to  obtain  the  condition  of  air  on  the 
downstream  face  and  water  on  the  upstream  face. 

For  /=  1  to  the  number  of  elevations 

Water  temperatures: 

Maximum  :  Water{I,\) 

Minimum  :  Water  (1, 2)  (28 

Average  :  Waier(l.i)  =  WarerQA)  rWa,er(l.2) 

AmpUmde  :  Waler(1.4)  =  WaterdA)  -  WalerdA) 


Concrete  temperatures  with  water  on  both  sides: 

Amplitude  :  Water  (1, 5)  =  Water  (1 ,4)  *  Yratio 
Maximum  :  Water(I,6)  =  Water(I,3)  +  WaterQ^) 
Minimum  :  Water  (I  J)  =  Water  (1, 3)  -  Water  {1, 5) 


(30) 

(31) 

(32) 


where 

Water  (/,!)  =  maximum  water  temperature  input  to  the  data  file 

Water  {1,2)  =  minimum  water  temperature  input  to  the  data  file 

Yratio  =  yearly  ratio  for  a  flat  slab  for  each  elevation 

Concrete  temperatures  with  air  on  downstream  face  and  water  on  upstream 
face: 

Mean  maximum  :  Combo{l,\)  =  Water  (1, 6)  (33^ 
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Mean  minimum  :  Combo(l3)  =  ^  WalerdJ)  (34) 

2.0 

Usual  maximum  :  Combo(l.3)  =  W'<«er(;.6)  (35J 

2.0 


minimum  :  Com6o(/,4)  =  ^>>(^8)  Waterjl,!)  ^3^^ 

2.0 


Effects  from  Solar  Radiation  (Tabie  7  in 
Appendix  A) 

The  mean  concrete  temperatures  obtained  from  air  and  water  temperatures 
require  adjustments  due  to  the  effect  of  solar  radiation  on  the  surface  of  the 
dam.  Theoretical  studies  have  been  made  which  take  into  consideration  vary¬ 
ing  slopes,  orientation  of  the  exposed  faces,  and  latitudes.  The  results  of  these 
studies  are  presented  in  an  unpublished  BOR  memorandum.^  Figures  25-29 
in  BOR  (1981)  summarize  the  results  and  give  values  of  the  temperature 
increase.  These  curves  are  included  in  the  program  and  used  to  determine  the 
increase  in  temperature  due  to  solar  radiation  Tsolar.  These  temperature  rises 
are  then  corrected  by  the  terrain  factor  Tfact  which  is  input  and  is  expressed  as 
the  ratio  of  actual  exposure  to  the  sun’s  rays  to  the  theoretical  exposure. 

For  each  elevation  I  and  AT  =  1  to  6 

Asolard.K)  =  r/act(f)  »  Tsolard.K) 

100.0 


where 

Tfact  (/)  =  terrain  factor  input  in  the  data  file 
Tsolar  (IJC)  =  temperature  increase  due  to  sun 

The  calculation  in  Equation  37  is  made  for  the  right  side,  the  crown,  and 
the  left  side  cantilevers.  Then  the  average  temperature  increases  due  to  solar 
radiation  are  calculated  for  each  elevation  for  the  upstream  (U.S.)  face,  the 
downstream  (D.S.)  face,  the  average  of  the  upstream  and  downstream,  and  half 
of  the  downstream  as: 


^  W.  A.  Trimble.  (1954).  “The  average  temperature  rise  of  the  surface  of  a  concrete  dam  due 
to  solar  radiation,”  Bureau  of  Reclamation,  unpublished,  Denver,  CO. 
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US-  Asolar(I,3)  +  Asolar(I,5)  (33) 

N 

D  S  ■  Solar(1 2)  =  •*•  Asolar(I,4)  +  Asolar(I,6)  (39) 

N 

An.-.  -  Solard.D  ^  Sohrm  (40) 

D.S./2:  Solar(IA)  =  (41) 

2.0 


where  N  =  number  of  Asolar  (I)'s  not  equal  to  zero  in  the  equation. 


Mean  Concrete  Temperatures  with  Air,  Reservoir, 
and  Solar  Radiation  Effects  Included  (Table  8  in 
Appendix  A) 

The  mean  concrete  temperatures  that  were  calculated  from  Equations  22, 

23,  26,  and  27  for  the  conditions  of  air  on  both  sides  and  air  on  the 
downstream  face  and  water  on  the  upstream  face  are  increased  by  the 
Solar  from  Equations  40  and  41  to  produce  the  mean  concrete  tempera¬ 
tures  with  air,  reservoir,  and  solar  radiation  effects  included. 

For  /=  1  to  the  number  of  elevations 

Mean  concrete  temperatures  with  air  on  both  faces: 

Mean  conditions: 

Maximum-.  Conc{I,\)  =  Air(l,3)  +  Solar(I,3) 

Minimum:  Cone  (1 2)  =  Air(I,A)  +  Solar  (1, 3) 


Usual  conditions: 

Maximum:  Conc(I,3)  =  Air{12)  +  Solar{l,3) 
Minimum:  ConciI,4)  =  Air(lS)  +  Solar{I,3) 


(44) 

(45) 


Mean  concrete  temperatures  with  air  on  downstream  face  and  water  on 
upstream  face: 
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Mean  conditions: 


Maximum:  Conc(I,5)  =  Comboil,!)  +  Solar(I,N) 

Minimum:  Conc(I,6)  =  Combo(J,2)  +  Solar(I,N) 

Usual  conditions: 

Maximum:  Cone  {1,1)  =  Combo  {1, 2)  +  Solar  {I,  N)  (^8) 

Minimum:  Conc{I,S)  =  Combo(I,4)  +  Solar{I,N)  (^^9) 

where  =  4 

or  =  3  if  Water  (/,!)  =  0.0  in  the  data  input. 


Summary  Tables  for  Temperature  Loadings 

The  remairung  tables  in  the  TEMPER  output  file  consist  of  a  series  of 
tables  which  convert  the  mean  concrete  temperatures  into  a  format  which  can 
be  used  directly  as  temperature  loads  for  the  ADSAS  computer  program.  A 
separate  set  of  five  tables  is  produced  for  each  closure  temperature  specified 
by  the  user  in  the  input  file.  The  first  set  of  tables  (Tables  9-1  through  9-5) 
provides  the  ADSAS  temperature  loads  for  the  first  closure  temperature  in  the 
data  file.  If  there  is  a  second  closure  temperature  specified,  then  Tables  10-1 
through  10-5  are  printed.  This  procedure  is  continued  for  each  closure  temper¬ 
ature.  The  discussions  below  for  Tables  9-1  through  9-5  are  applicable  to  all 
the  remaining  tables. 


ADSAS  temperature  for  loadings  (02)  and  (03)  (Table  9-1  in 
Appendix  A) 

ADSAS  uses  uniform  and  linear  temperature  loads  in  the  determination  of 
stresses  in  an  arch  dam.  Uniform  temperature  loads  are  called  “02”  in  ADSAS 
terminology.  The  uniform  temperature  load  is  the  difference  between  the 
computed  mean  concrete  temperature  and  the  assumed  closure  (grout) 
temperature. 

The  uniform  ADSAS  temperature  for  loading  (02)  with  air  on  the  down¬ 
stream  face  and  water  on  the  upstream  face  is  calculated  for  each  elevation  as: 

For  7  =  1  to  the  number  of  elevations 

Mean  conditions: 
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Maximum:  Adsas(I,2)  =  Conc(I,5)  -  Grout 
Minimum:  Adsas(Iy3)  =  Conc{Ifi)  -  Grout 

Usual  conditions: 

Maximum:  Adsas(IA)  =  Conc(IJ)  -  Grout 
Minimum:  Adsas(I^)  =  Conc{I,%)  -  Grout 


(50) 

(51) 


(52) 

(53) 


where  Grout  =  closure  temperature. 

The  linear  temperature  loads  are  called  “03”  loads  in  ADSAS  terminology. 
The  linear  temperature  is  the  difference  between  the  face  temperatures  in 
degrees  Fahrenheit  from  the  straight  line  approximation  used  to  determine  the 
uniform  temperature  loads  (02). 

The  linear  ADSAS  temperature  for  loading  (03)  with  air  on  the  downstream 
face  and  water  on  the  upstream  face  is  calculated  as: 

For  /=  1  to  the  number  of  elevations 
If  Water  (1,6)  is  greater  than  zero: 

Mean  conditions: 

Maximum:  Adsas(I,6)  =  Conc(I,\)  -  Water(l,6) 

Minimum:  Adsas(I,l)  =  Conc(I,2)  -  Water (1,1) 


Usual  conditions: 

Maximum:  Adsas(I,i)  =  Cone  (1, 3)  -  Water  (1, 6) 
Minimum:  Adsas(I,9)  =  Conc(l,4)  -  Water(I,l) 

If  Water  (1,6)  is  zero: 

Mean  conditions: 

Maximum:  Adsas(I,6)  =  Solar(l,2)  -  Solar(I,\) 
Minimum:  Adsas(I,l)  =  Solar(I,2)  -  Solar(I,\) 


(56) 

(57) 


(58) 

(59) 
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Usual  conditions: 

Maximum:  Adsas(I,S)  =  Solar(I,2)  -  Solar(I,\) 

Minimum:  Adsas(I,9)  =  Solar{l,l)  -  Solar{I,\) 

The  uniform  ADSAS  temperature  for  loading  (02)  with  air  on  both  faces  is 
calculated  for  each  elevation  as: 

For  /=  1  to  the  number  of  elevations 

Mean  conditions: 

Maximum:  Adsas(I,lO)  =  Conc(I,l)  -  Grout  (^2) 

Minimum:  Adsas(I,ll)  =  Conc(/,2)  -  Grout  (63) 

Usual  conditions: 

Maximum:  Adsas(l,l2)  =  Cone  (1, 3)  -  Grout 
Minimum:  Adsas(J,\3)  =  ConcilA)  -  Grout 

where  Grout  =  closure  temperature. 

The  linear  ADSAS  temperature  for  loading  (03)  with  air  on  both  faces  is 
calculated  as: 

Adsas{I,l4)  =  Solar(I,2)  -  Solar(l,l)  (66) 


(64) 

(65) 


ADSAS  temperature  input  by  month  (Tables  9-2  through  9-5  in 
Appendix  A) 

Tables  9-2  through  9-5  are  included  since  loading  combinations  for  arch 
dams  are  usually  based  on  specified  reservoir  elevations  and  concurrent  con¬ 
crete  temperatures  (reference  4-1  in  EM  1110-2-2201). 

The  ADSAS  temperatures  calculated  by  Equations  50-66  are  used  to  calcu¬ 
late  the  temperatures  for  each  month  of  the  year.  The  program  assumes  the 
lowest  concrete  temperatures  occur  in  February  and  the  highest  concrete  tem¬ 
peratures  occur  in  August. 
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Table  9-2.  Usual  conditions  with  air  downstream  face/water  upstream 
face.  This  table  is  normally  used  in  conjunction  with  the  static  usual  (SU) 
loading  conditions  described  in  Chapter  4  of  EM  1110-2-2201.  The  tempera¬ 
tures  are  calculated  as: 

For  /  =  1  to  Node  (number  of  elevations)  and  7  =  1  to  12  (number  of 
months  in  a  year) 

Uniform:  Tmontu{I,J)  =  Adsas(I,5)  +  [AdsasUA)  -  Adsas(I,5)] 

^  6.0  -  Rf(J) 

*  bio 

Linear:  Tmontl(I,J)  =  Adsas(I,9)  +  [Adsas(I,^)  -  Adsas(I,9)] 

^  6.0  -  Rf(J) 

*  O 


where  Rf(J)  =  factor  for  adjusting  the  temperature  from  high  and  low  to 
monthly  assuming  August  is  the  hottest  month  and  Febmary  is  the  coldest 
month. 

Table  9-3.  Usual  conditions  with  air  on  both  faces.  This  table  is  not 
normally  used,  but  can  be  used  in  the  end  of  constmction  condition  (SUN3)  if 
a  more  severe  temperature  load  than  that  shown  in  Table  9-5  is  desired.  The 
temperatures  are  calculated  as: 

For  /  =  1  to  Noele  (number  of  elevations)  and  7  =  1  to  12  (number  of 
months  in  a  year) 

Uniform:  Tmontu{I,J)  =  Adsas{I,\y)  +  [Adsas{,L\2)  -  AdsasUAy)] 

^  6.0  -  Rf(J) 

6i0 

Linear:  Tmontl(J,J)  =  Adsas{L\A) 


Table  9-4.  Mean  conditions  with  air  downstream  face/water  upstream 
face.  This  table  is  normally  used  in  conjunction  with  the  static  unusual 
(SUN),  static  extreme  (SE),  and  each  of  the  dynamic  loading  conditions,  with 
the  exception  of  the  end  of  construction  condition  (SUN3).  The  temperatures 
are  calculated  as: 

For  /  =  1  to  Noele  (number  of  elevations)  and  7  =  1  to  12  (number  of 
months  in  a  year) 
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Uniform'.  Tmontu(I,J)  =  Adsas(I,3)  +  [Adsas(I,2)  -  Adsas(I,3)] 

^  6.0  -  Rf(J) 

6.0 

Linear.  Tmontl(l,J)  =  Adsas{I,l)  +  [Adsas{I,(i)  -  AdsasiJJ)] 

,  6.0  -  RfiJ) 

6.0 


(72) 


(73) 


Table  9-5.  Mean  conditions  with  air  on  both  faces.  This  table  is  nor¬ 
mally  used  in  conjunction  with  the  end  of  construction  condition  (SUNS).  The 
temperatures  are  calculated  as: 

For  /  =  1  to  Noele  (number  of  elevations)  and  /  =  1  to  12  (number  of 
months  in  a  year) 

Uniform:  Tmontu(I,J)  =  Adsas(Ll\)  +  [Adsas(I,10)  -  y4(iyfl.y(/,ll)] 

^  6.0  -  RfiJ)  ('74) 

6.0 

Linear.  Tmontl(LJ)  =  Adsas(LH)  (^^) 


Conclusions 

Computer  program  TEMPER  (X8305)  provides  a  quick  way  of  predicting  the 
uniform  and  linear  temperature  distributions  in  an  arch  dam.  These  tempera¬ 
ture  distributions  are  for  use  in  other  programs  such  as  the  Arch  Dam  Stress 
Analysis  System  Program  which  is  used  to  predict  the  behavior  of  arch  dams. 
To  estimate  these  concrete  temperatures,  the  TEMPER  program  uses  the  theo¬ 
retical  methods  described  in  “Control  of  Cracking  in  Mass  Concrete  Struc¬ 
tures”  by  the  U.  S.  Department  of  the  Interior,  Bureau  of  Reclamation  (BOR 
1981). 


Chapter  4  Output 


23 


References 


American  Concrete  Institute.  (1994).  “Mass  concrete,”  ACI  207.1R-87, 
Detroit,  MI. 

Bureau  of  Reclamation.  (1981).  “Control  of  cracking  in  mass  concrete  stmc- 
tures,”  Engineering  Monograph  34  (EM34),  revised  reprint  Denver,  CO. 

Headquarters,  U.S.  Army  Corps  of  Engineers  (1994).  “Design  of  arch  dams,” 
EM  1110-2-2201,  Washington,  DC. 

U.S.  Army  Engineer  Waterways  Experiment  Station.  (1949).  “Method  of  test 
for  thermal  diffusivity  of  mass  concrete,”  CRD-C  37,  Handbook  for 
concrete  and  cement,  Vicksburg,  MS. 


24 


References 


Appendix  A 
Example  Files 


Appendix  A  Example  Files 


A1 


HAYSI  PRELIMINARY  W.S.  EL.  1361 
1255.0,  37.17,  2504.0,  37.76 
BECKLEY 
WEST  VIRGINIA 


>  I-*  r-t  m  o  o 
1  CO  m  o  •  • 

>  rH  ro  ^  O  O 


4  o  I/)  a\  o  o 

4  fN  fvj  fS  •  • 

4  O  tH  rvj  rH  iH 


^  ^  cNj  03  Ln 
I*  If)  ro  r-4  o  Ov 
4  O  O  th  cvj  rg 


>  r-  rg  iH  o  o 

4  r*  m  •  ♦ 

>  tH  o  o  o  o 


4  O  CO  (N  ^  00  If)  o  o 

)Oom  •  t-4  ^  lO  <N  CO  •  • 
.  .  .ooOiHmmOO 


omr-r4in<Nr->or 


oeomooo<M<Ncg 

iHt-iojrgnmforo 


oooooooo 

5  . 

30Ln0l/>lf)Lf)lDLftif)m 

•  •  (N  r*“  ro  o  ^  »H  CO  m 


or^'^'orgoooo 

•  tH  <N  O  tH  iH  *  • 

00U>0<N«-«0»Hf«grHrH 

.  .  .  .....  t  I 

a\\o  <o  III 

ro  tfi 

ooicgrgiHCoroo) 

. .  o 

o  m  o  00  ^  rH  CO  in  iH  •  • 

»H(Nrgo3cOfloeooot^r'r**ino 
^  in 


A2 


Appendix  A  Example  Files 


iple  Output  File 


r^<Nfo^l/)'.or^coa^Or^f^^f*1^mvor«»coo^OT-^l^Jro^mvD^«‘COo^Or^^^Jro’«^'Lnvor^oo 

gggggg§ggggggS9§§§§|§9§ggg§gggg§§g§gg§ 

uauuuuuuuS5uuuS55uou5uu5uuuSuuuSuuS5Su 


O^VOt-Hf-4l/tOO 

•  o  I/)  CO  1/1  o  •  • 

OOOrHro^OO 


ororgomo%oo 

•  O  IH  (N  <N  fN  •  • 


•  ov  ^  ld  m  rH  o  a> 

0iH*-l00»HCNf'J 


OmOr^CNr^OO 
•  rH  r-  ir»  ■  • 
OromiHOOOO 


oco<N^a>i/)00 
1  •  iH  ^  VO  r-i  CO  •  • 

•OOOrHrOfOOO 


I  o  o  o  o  o  o 

5  E-f  in  VO  r*  VO  Cl  00 

)  CO . 

]  u  fN  in  iH  00  <N  00 
J  3  <N  oj  m  m  in  in 


oooooo  o  fn 
ro  o>  00  O  00  rn  O  •  •  • 

t  .....  o  O  CO  m 

m  m  IN  o  in  in  • 

00  00  i~-  VO  in  ^  M 

ct  CO 

o  o  o 

oooooo  . . . 
ovoc^oocvoootnoinin 

. fN  fo  o 

(NiMinvovoovmo^^^ 
VO  VO  in  n  r>  (N  i  •  r-»  t-*  rH 


or^vovorocooo 

•  iH  <N  O  iH  rH  .  . 

lOrOlHOtHC'lr-lrH 


in  m  m  m  in 
r*  ^  1-4  00  in 

m  m  n  (N  IN  < 


oc\tN(NfHoomc» 


rHnjro^tnvop««ooc*OrHr'jm^invor*ooc»o»HfNroN'invor«.coc\OrH(Nro^Lnvor^ooc» 

T-4r-4THr-lrH»HfHrH«HiMfNfN(N<NP'l<N(N(NfN<NmmnrommmmrOm 

ggggggggggggggggggggggggggggggggggggg§§ 

ouuuouuouuutiuoootjtjoooouuuutjocjuucjouuDuDu 


Appendix  A  Example  Files 


A3 


50.0  CARD  39 


PAGE  1  HAYSI  PRELIMINARY  W.S.  EL.  1361 


W  0  2 
K  ^  CC 
O  U  M  r- 
U  J  >  • 
Qt< 

U  £h  m 


2  U  CO 

M  X 

CO 

< 

' 

D 

W  E-t  2 

1  ^ 

g 

J  <  S 

<  o 

map 

Eh  O 

<  W  H 

CO  • 

Eh  m 

£  •• 

o 

W  Eh 

m 

H  < 

(N 

a  Q 

Ido^rntNr'^cofscN^oovot^ 

ScNm^'«9'«^vof^r^vo^Tj'ro 


H  ^  f**  r>j  r»  <N  <N  (N  o 

U  ^  O  ro  O' ■<»•  ■«•  (N 


Ufviinooooo  o 

U  ro  VO  Cl  l/>  O  O  (N 

tf . 

O  CNi  oi  O' fo  (N  m  ^ 
Ov^t^<Neo<N  lO'  T-< 
Ui 


U  Id  U 
•J  m 

1 

1 

£ 

ffi  £  a 

1 

D  £ 

<  w  o 

1 

£  D 

Eh  Eh  U* 

1 

M  2 

1 

X  •-• 

£ 

>* 

X  >J 
>*  E-  X 

X  ^  o  z 


2  H 

£  D  £  S  2 

O  2 

£  M  u 

a  £  O 

tf 

2  *-•  X  a 

<  £ 

<  2  <  a  £ 

O  2 

£ 

bi  M  £  M  D 

2^2 

£  £  Q  £ 

2  U  < 

Eh 

H  *H 

JXWWIHHWHX 
£  Id  CO  (0  U  CO  < 
IX  X  U  U  X  U  £ 

*  O  Z  O  3  S  o  5 

'  X  S  X  S  2  ^  S 


H  O  (N  to 
U  O  ^  U 

m  •  •  u 

If)  £ 

2  o 
o  u 

M  Q 

H  2  2 
U  O  O  <N 


U  O  O  li 
D  U  U 

g  ..  -§ 

M  Z  >-* 

H  o  H 

2  O  rH  U 

in  K 
Q  tn  m  ex; 

2  O 

3  rt  .  u 

•  H 

2  nS  <  u3 

O  U  *-3  < 

>  M  (H 

U  CO  CO 
•J 

u 


A4 


Appendix  A  Example  Files 


PAGE  3  HAYSI  PRELIMINARY  W.S.  EL.  1361 


>• 

s 

u3 

E- 

2 

0 

2 

0  W 

m 

»H 

£ 

W  U 

2  to 

E^  U 

0  2 

U  tu 

0 

Ui  u* 

os  M 

ii*  u 

M  6-. 

X 

tHtHr'COcomooo 
X  iHooo><N<Noor'CO 


3:  1/1  ^  o  00  un  ^  o  o 

0^<N»Hoor^vo»HO(N 

03  S  <N  fH  IH  rH 


03td»Hi^<Nooocor-oo 

<  £  (N  1H  fH 


S  voocvjnr'OivD^ 
02«-^0<T»Ocr»^rnin 

J  <5 . 

UPJfNr'OiOoooooooo 

OQ  £  (N  IH  rH  »-t 


pqWaiirirHoioot^t^r- 

£  rH  »-♦  rH 


><0<N^VOfNOO>0>C> 

»JMSOrOrgfNf>JrH»-«r^ 

mehoooooooo 

gg . 


>H0'9'OO>C0^lHOr-* 

<Mvoc^v0UlLnl/lLnm 

OE-iiHOOOOOOO 


•JO'f>f^oinooco(NO 

OtfMinro*x)rooou)vor^ 

^EHair^i/i^rnmnn 


omr'iHuifvjr'O 


tnvDOiOVCJvh'fM 


rHCOOr^foroi/io 


usr^cor'COCNOw^ 


r'0'<rcoo«-*nco 


•  00000000 

^  OLni/iLnininiAiD 

ij  r*"  o  ^  th  00  in 
ti3  ^  ^  ^  m  r*^  ro  <N  <N 


»H{Nm^iniDr»oo 


•00000000 

> . 

uoininininininm 

♦Jt^foor-^rHootn 

U3^^^mmro<N<N 


iHfNro^mvor'CO 


A6 


Appendix  A  Example  Files 


PAGE  5  HAYSI  PRELIMINARY  W.S.  EL.  1361 


<  fO  <N  ^  C\  < 


^  O  CP»  M  <N  T 

O'--' 
o  r-  VO  r*»  00  < 


M  O  Tf  VO  rH  T 

Ot  o  o  in  00  i 
O  o  o  o  »-i  r 

j  -  .  -  - 

W  ( 


<  CN  00  in  in  (N 

^  ro  m  m  <N  f>4  (N 


dP  in  m  o  ■«'  »H 

o . 

o  m  ^  ^  m  m  (N 


bu 

U 

W  O  ro  <N  O  in  CT^ 

U  U 

U 

0<  O  O  tH  (N  fN  fN 

O 

o  o  eg  iH  o  rH  <N 

m  u 

J . 

<  X 

£-•  E- 

CO  III 

OovnjfNiHcomov 


-oooooooo 

^oinininminmin 

*jr'-fnop^-«j'rHcoin 

Mn'^^mrorocNCN 

r*4«HrHrHr-HrHrHrH 

tHf'jro^iniot^co 


v.  t  <NOvr-irnvOt"«‘^V 

(/)  tmcNroromroraro 
-  I 
O  I 


•  in<T»<Nt^fN^00C0 

I  ........ 

I  vDinvovor-r^vovo 


a''^roa»vo^in'«j' 


-  lOOOOOOOO 

^  lOtnmininininin 
tj  ir**roor''^»Hcoin 
U  I 

t-<<Nr>^invor-oo 


A8 


Appendix  A  Example  Files 


•J 

7 

8 
2 

u 

z  •  •  . 

z 

M  rn  CO 

M 

£  m  ^  ^ 

01 

< 

w 

01  O 

D 

tH 

U  < 

01 

u 

<  04 

D 

u 

o. 

•  fn  O  <N 

04 

X  •  4  . 

04 

•  oi 

<  m  00  ^ 

u 

0)  • 

£  00  h-  r- 

•  D 

z 

o 

o 

S 

M 

z  o 

o 

•  00  O  tH 

< 

X 

Z  .  .  4 

M 

X  u 

M  Cl  tn  o 

Q 

M  p 

£  ro  tij"  tj* 

< 

<  < 

K 

3 

g 

02 

u 

•< 

£ 

9 

3 

6 

4-3 

X  4  4  , 

o 

<;  th  r**  m 

£  00  r* 

Q 

2 

a 

4  00  <N 

« 

Z  4  .  . 

02 

M  m  00 

flO  M 

£  ro  ^  4itf< 

O 

< 

tH 

m  > 

D 

•-3  02 

0) 

01 

ro 

OQ  01 

01 

D 

tH 

<  01 

u 

•  m  o  CN 

01 

< 

X  4  •  • 

S 

X 

rt;  m  00  V 

£  00  t"*  r* 

u 

X 

02 

Eh 

M 

O 

c/i 

< 

ffl 

•  00  O  tH 

s 

X 

z 

Z  4  .  4 

Eh 

o 

M  ov  in 

>* 

M 

£  m  ^  ^ 

a 

X 

< 

M 

2 

01 

< 

tH 

01 

s 

X 

£ 

•  ov  m  VO 

tH 

p 

X  4  .  . 

H 

<  tH  fx.  m 

S 

1 

£  00  r-x  t"* 

K 

04 

0) 

04 

M 

E 

W 

X  o  CO  fx. 

>4 

Eh 

0  4.. 

< 

M  o  00  m 

s 

01 

X  iH  tH  fN 

Eh 

Eh 

X 

U 

•  O  O  O 

E 

^  .  .  . 

VO 

o 

U  o  in  in 

O 

j  r-x  m  o 

w  ^  ^  ^ 

b] 

E 

tH  tH  tH 

U 

tH  m 

04 

£ 

Appendix  A  Example  RIes 


4  1375.0  28.1  71.1  52.0  71.6  51.3  71.1  52.0  71.6  51.3 

5  1345.0  30.5  70.2  53.2  70.7  52.5  69.6  52.4  69.9  52.0 

6  1315.0  32.2  69.8  53.6  70.2  53.0  64.8  51.9  65.0  51.6 

7  1285.0  32.7  69.4  53.5  69.8  52.9  63.7  51.4  63.9  51.1 

8  1255.0  32.0  69.6  53.3  70.0  52.7  63.2  51.0  63.4  50.7 


PAGE  7 

HAYSI  PRELIMINARY  W.S.  EL.  1361 


V) 

z  u 

,  O  Q  O  U 

0^  Z  U  < 

SCU  M  to  05  bu 

£  Q  O  M 


„ 

fN 

O 

2 

—  to 

Q 

M 

u 

2 

£ 

o  u 

O 

2  < 

U 

b 

M  [l4 

D 

P 

o 

<  £ 

< 

O  H 

r3 

in 

J  O 

t/) 

X 

ffi 

D 

i 

11 

§  z 

go 

S 

<  05 

p 

a  tH 

|h 

u  < 

CU 

2 

s 

2  0 

M 

u 

w  P 

a 

£ 

p 

2 

£ 

Q 

O 

Ui 

£  U 

u 

E-* 

2  CO 

C) 

5^ 

iU  04 

S 

M  X 

Id 

X 

D 

2  U 

£ 

to 

2 

C) 

.J 

' 

_ 

C3 

fn 

2 

£ 

O 

Q 

M 

M 

—  W 

2 

£ 

Q 

O 

O 

< 

O  < 

U 

0 

2 

M 

P 

o  to 

< 

A 

<  D 

D 

1H  (N 

0 

CO 

X 

1  O 

•J  05 

D 

< 

o\  — 

uS 

£ 

o 

2  < 

UJ  2 

P  3 

•  • 

•  • 

<• 

F-i  V. 

CQ 

<  Cd 

< 

2  U 

u  «t: 

2 

O 

a<  b. 

M 

>— « 

£ 

O 

£ 

Id  to 

2 

05 

Eh  Q 

O 

o 

U 

Cb 

05  05 

<  *-* 

H 

Id  < 

D 

2 

Id 

X 

M 

£ 

2 

hd 

£ 

M 

D 

E-* 

rs 

o 

2 

s 

Q 

M 

u 

Id 

2 

£ 

a. 

O  U 

O 

£ 

2  < 

U 

P 

Q 

P 

<  to 

< 

to 

O  D 

D 

< 

•J 

CO 

X 

to 

05 

D 

Q 

Id  Id 

< 

2  Eh 

P  < 

2  Id 

Id  U 

0*  < 

2 

£  lu 

M 

(d 

Q 

£ 

P  to 

2 

Q 

O 

U 

2  05 

O  w 

£ 

lu  < 

M 

M 

X 

£ 

^rofOTfintninm 


LO  I  ^  00  00  CO  00 


r'i-«rovof^vovoin 


in  1  'S'  h*  r-  VO  VO  m 


ominininininm 

r~mor*^r-»coin 


A10 


Appendix  A  Example  Files 


HAYSI  PRELIMINARY  W.S.  EL.  1361 


O 

X 

• 

X 

in 

OJ 

< 

««»• 

X 

2 

M 

II 

P 

S 

w 

a 

X 

z 

D 

V 

o 

Eh 

< 

K 

M 

< 

C) 

Eh 

K 

CO 

X 

M 

X 

> 

M 

P 

X 

< 

s 

2 

u  o 

.X 

Eh  U 

Eh 

X 

X 

X 

r*. 

< 

U  U 

X 

111 

2  M 

2 

<?\ 

2 

O  U- 

CO 

V.0 

M 

U  M 

o 

P 

u 

p 

>*  II 

Eh  U 

u 

< 

CO  04 

2  X 

U  CO 

M 

2 

X 

< 

X 

u  w 

o 

M  6h 

C5 

X 

X  IH 

X 

> 

M 

CO 

u 

< 

u  • 

< 

X 

X 

Eh  2 

X 

O 

CO 

X 

Q  04 

2 

o 

< 

2  D 

X 

<  _ 

X 

m 

2 

P 

X 

m 

M 

U 

Eh 

P 

X  CO 

< 

X  II 

<  < 

X 

2  X 

<  X 

X 

V. 

M 

2 

X  >< 

< 

X 

U  X 

<N  X 

O 

X  < 

O 

C5 

U. 

CO 

o>  < 

> 

M 

2  CO 

X 

< 

M  W 

O 

X  CO 

X  X 

p  Q 

X 

5  2 

X 

X 

u 

<  X 

o 

< 

c^  u 

Eh  m 

X 

O  X 

< 

00 

2 

*-i 

CO  >H 

P 

as 

to 

2 

X  II 
< 

P 

O 

2  X 

P  CO 

M 

M 

2 

<:  H 

Eh 

< 

d 

X  2 

M 

(> 

U  X 

O 

O 

X 

X  2 

2 

> 

n 

2  Eh 

O 

< 

X  CO 

U 

Eh  D 

P 

X 

X  P 

< 

X 

Eh  < 

2 

<0 

**; 

X 

CO 

X 

K  X 

2 

<X> 

2 

U  2 

m 

M 

2  O 

P 

O  CO 

X  II 

U 

X 

X  X 

Eh  . 

M 

2 

CO  Eh 

X 

c 

X 

X  Vi 

Eh 

O 

S  D 

2 

o 

X 

O  O 

O 

> 

M 

J  D 

2 

< 

< 

X 

>H 

X  2 

X 

X 

E-.  w 

X 

Eh 

o 

rtl 

X  X 

2 

111 

2  D 

X 

in 

2 

* 

D  U 

2 

m 

M 

* 

CO  U 

w 

P 

* 

X  O 

2  II 

* 

< 

X 

CO 

X 

1-3  X 

X  <  «£ 

X 

<  Eh  X 

X 

2  X 

2 

X  X 

X 

♦  CO  2 

Eh 

*  X  X 

♦  X  Eh 

CO 

♦  Eh 

< 

CO 

P 

< 

^roro^vo»-tr'i 


Lnui^D*^i/>forvjfvj 


^<n<n^root>oo<»» 


Tt«rom^r>r-r^oo 


^  ^  o  00  CO 


^rora^rot^r-OO 


tr  r*  <T»  o  00  00 1^ 


omintninintAu^ 

r-foor*^iHcoi/> 

^^^roromrjCN 


vmro■^a'^ooocoo^ 


mir>»x>v^Lnmfvjr^ 


^roro^'0*r>jm^ 


'iJ'roro^^tNmv 


OLOLni/iLnLnmLn 

r^roor^^iHcoui 

^^^fonrofNfS 


Appendix  A  Example  Files 


A11 


PAGE  9 

HAYSI  PRELIMINARY  W.S.  EL.  1361 


Cl4 

06 

fvl 

3 

V 

Z 

M 

P 

Z  II 

bu 

w 

*-2  OS 

s 

O 

H-J 

V 

o 

O 

< 

2 

w 

o 

1/1 

o 

04 

M 

> 

M 

Q 

< 

2 

z 

II 

r*’ 

td  O 

•  • 

U 

ciu 

U 

2 

06 

CH 

D 

< 

u  u 

Eh 

Cd 

Z  M 

< 

o\ 

Z 

o  u. 

2 

VO 

M 

U  M 

Cd 

P 

u 

cu 

II 

E-*  U 

z 

< 

CO  cu 

Cd 

£  OS 

W  CO 

Eh 

M 

£ 

re 

< 

2 

o  w 

p 

M  H 

2 

C5 

O4 

re  M 

D 

> 

M 

CO 

CO 

< 

w  « 

o 

P 

Eh  Z 

u 

Cl4 

O 

OS 

o  a. 

o 

< 

Z  D 

Cd 

m 

z 

O 

U1 

M 

u 

CO 

P 

OS  CO 

Cd 

X  II 

<  < 

U 

04 

D  m 

< 

<  OS 

os 

bu 

M 

03  >• 

< 

U  OS 

m  S 

C"! 

U.  < 

C') 

O4 

CO 

c\  O 

> 

M 

Z  CO 

sa 

< 

z 

M  Ui 

u 

Cd  z 

OS  u 

P  o 

CL4 

D  Z 

03 

CJ 

<  OS 

o 

< 

u  w 

Eh  M 

bi 

O  CQ 

< 

00 

Z 

M 

CO  ?H 

P 

CO 

X  II 

2  s 

z 

D 

o 

£  X 

&H  CO 

M 

M 

T, 

Eh 

< 

2 

2  z 

M 

( ) 

u  u 

P 

O 

U4 

a<  s 

z 

> 

w 

S  Eh 

o 

< 

U  CO 

CJ 

Eh  D 

>-) 

p 

Cl4 

W  P 

< 

Eh  < 

D 

00 

< 

CO 

01 

2  u 

D 

CO 

z 

U  £ 

m 

t-t 

z  o 

p 

O  CO 

P  II 

u 

Cd 

04  X 

Eh  • 

M 

5" 

CO  Eh 

X 

< 

2 

fd  CO 

Eh 

p 

S  D 

z 

o 

04 

O  O 

o 

> 

M 

P  P 

£ 

< 

< 

Cd 

>H 

X  Z 

m 

04 

Eh  M 

Eh 

o 

< 

td  OS 

P 

UJ 

S  D 

04 

IT) 

z 

D  U 

z 

m 

M 

♦  < 

Cd  1 

CO 

2  1 

*-3  06  I 

C5  CO  Cd 

P  1 

M  1 

Z  Cd  2 

Eh  I 

<  1 

M  P  P 

1 

Z  ffl  Eh 

2  1 

0  1 

2  <  xc 

bd  1 

>  1 

<  Eh  2 

O4  1 

<  I 

3  Cd 

£  1 

1 

Cd  04 

01  1 

♦  CO  £ 

Eh  1 

«  Cd  Cd 

1 

♦  X  Eh 

CO  1 

> 

♦  Eh 

.  <  1 

01 

CO  1 

p 

p  1 

Cd 

<  1 

•Q'mro^Lni/iLnLft 


LnLn«^vovov£i^o^o 


r'OiHmrommm 


tnTHC*-O<N00Q0TH 

u^f^<x3oo^oa^<s^ 

^nm^LOinaiLA 


<n  o  o  o  o 


^mroTTuimmin 


^  r**  m  o  o  o  o 


vmro^i/itriLnLft 


r^OtHfOforomro 


^mro^LTiLnirtin 


i/)tnu)i£>^vo^ov£ 


^nm^mLOLnin 


^roroVLOtOLOLO 


OLnuimuimintn 

r'foor'^rHootn 


A12 


Appendix  A  Example  Files 


Appendix  A  Example  Files 


A13 


PAGE  11 

HAYSI  PRELIMINARY  W.S.  EL.  1361 


1  X 

1  Q 

1  JN 

1  « 
1  U 

1  ^ 

1  ! 

I 

1  h 

1  Z  11 

w 

X 

1  X 

s 

1  M 

o 

o 

1  < 

1 

M 

o 

1 

1  u 

1 

w 

in 

1  > 

i 

Q 

1  < 

>  j 

Z 

u  o 

Eh  U 

1  '*  X 

1  C 

K  ■ 

X 

1  r-- 

1 

u  a 

D 

1  1 

Z  *-1 

Eh 

1  oi 

O  lu 

< 

1  VO 

1  1 

U  M 

X 

u 

X 

1  >M  II 

Eh  w 

X 

'  ^ 

W  CU 

£ 

1  £  X 

w  w 

X 

1  HH 

X 

Eh 

1  < 

1  i 

u  u 

1  ( 

M  Eh 

1  CJ 

1  ( 

X  M 

X 

1  > 

1  »■ 

Vi 

D 

1  < 

u  • 

CO 

X 

O 

•< 

Eh  Z 

X 

1  X 

0 

U 

> 

O  cu 

1  o 

z  D 

1 

1  ro 

Q 

1  in 

1  1 

JH  u 

a:  CO 

CO 

1  X  II 

<  < 

X 

1  X 

D  CQ 

u 

1  <  X 

cc 

< 

ca  >• 

X 

1  < 

1  ' 

U  X 

m 

1 

X  < 

X 

'  y 

1  1 

to 

03  Eh 

1  > 

z  to 

o 

1  < 

M  u 

0 

u 

X 

•  > 

X  u 

X  z 

1  ’’  (11 

D  Z 

m  O 

1 

o 

< 

1  o 

u  w 

Eh  X 

1  • 

1 

0  m 

►H 

1  00 

< 

1 

( 

to  >H 

1  X  II 

S  £ 

CO 

'  ^ 

D 

z 

1  £  X 

Eh  CO 

o 

1  M 

Eh 

M 

1  < 

1 

X  z 

Eh 

t 

u  u 

M 

t  O 

1 

X  s 

Q 

1  > 

1 

£  £h 

z 

1  < 

U  CO 

o 

Eh  D 

u 

•  < 

1  '*  ill 

X  Q 

2 

1 

Eh  < 

S 

1  GO 

^  u 

£ 

1  00 

U  £ 

1  m 

1 

z  o 

O  CO 

1  0  II 

u 

t  X 

1  X  X 

Eh  • 

1  M 

CO  Eh 

X 

1  < 

1 

W  CO 

Eh 

S  D 

z 

1  O 

1 

o  u 

o 

1  > 

1 

J  D 

£ 

1  < 

< 

u 

>- 

X  z 

ffl 

1  '*  X 

Eh  m 

1 

Eh 

1  o 

X  X 

D 

1 

£  D 

X 

1  m 

♦  DU 

z 

1  ro 

1 

♦  to  U 

HH 

♦  CO  O 

1  Z  II 

♦  < 

'  3  ^ 

to 

X 

1  f-3  X 

U  CO  X 

P 

1  M 

Z  X  X 

I  < 

M  X  r> 

< 

Z  M  Eh 

X 

1  0 

X  <  «£ 

X 

1  > 

<  Eh  c2 

X 

1  < 

Z  X 

£ 

X  X 

X 

♦  CO  £ 

Eh 

♦  XX 

♦  X  Eh 

CO 

> 

♦  Eh 

< 

X 

CO 

X 

Q 

X 

< 

LnvovovovD'.Avo'.o 


ooO(N«^ro^fnm 


^roro^ininuii/) 


rHLOOOOi-HtHiHT 


^roro^iPinuiin 


m  i  ^  00  00  flo  00 


^mro^i/iiniAtn 


OirtLOi/iinmuiui 

r~roor-*^rHcoin 


^mro^LTiLTiLnin 


coorvjror^vmr^ 


vror^^LOLOLfiLft 


irtVDU}VDVD<^U>«^ 


^poro^mLOLnin 


4/ii-«r«.orNcocorH 

LOrooDco^Po^rN'O' 

^r>m^ir>Lf)ir>Ln 


omLnLni/iintnLn 

r^f^or^^rHcoiTi 


A14 


Appendix  A  Example  Files 


Appendix  A  Example  Files 


A15 


PAGE  13 

HAYSI  PRELIMINARY  W.S.  EL.  1361 


o 

X 

X 

o 

CN 

< 

in 

X 

2 

r- 

M 

II 

u 

2  II 

w 

a 

1^  X 

3 

D 

M 

V 

O 

Eh 

< 

Co 

M 

< 

<) 

Eh 

X 

U 

X 

M 

pa 

> 

M 

o 

X 

< 

2 

u  o 

(0 

Eh  U 

Eh 

X 

X 

s  > 

r-' 

< 

u  u 

X 

X 

2  M 

D 

a\ 

2 

O  ti. 

CO 

V£> 

»H 

U  M 

0 

X 

U 

•J 

Eh  Ui 

u 

< 

Ui  CU 

2  X 

W  Vi 

M 

X 

< 

u  w 

f) 

M  Eh 

CJ 

X 

X  M 

u 

> 

M 

w 

u 

< 

u  ■ 

< 

D 

X 

X 

2 

X 

o 

CO 

X 

Q  CL 

D 

o 

< 

2  D 

X 

2 

X 

m 

2 

o 

u 

in 

M 

u 

Eh 

X 

X  (n 

-C 

X  II 

<  < 

3 

X 

D  ffl 

<  X 

X 

"V. 

M 

3^ 

ffi 

< 

X 

U  X 

(N  W 

o 

X  < 

U 

U 

X 

CO 

O  < 

> 

2  CO 

rH  X 

< 

2 

M  U 

■D 

u 

U  CO 

X  u 

J  Q 

X 

D  2 

oa 

X 

o 

<:  oi 

o 

< 

u  u 

Eh  m 

X 

o  m 

< 

CO 

2 

M 

CO 

« 

X 

as 

CO 

2 

X  II 

D 

o 

€  X 

Eh  CO 

M 

M 

V 

rt;  Eh 

Eh 

< 

X 

X  2 

M 

o 

U  Q 

Q 

o 

X 

X  2 

2 

> 

M 

2  H 

O 

< 

w 

pa  CO 

U 

P  D 

•J 

X 

u  d 

< 

X 

Eh  < 

D 

**5 

CO 

pa 

X  U 

D 

X 

2 

U  2 

m 

HH 

2  O 

X 

O  CO 

m  II 

u 

u 

X  X 

Eh  . 

M 

Jp 

CO  Eh 

X 

< 

rr. 

W  CO 

£h 

o 

S  D 

2 

CD 

X 

o  o 

O 

> 

M 

iJ  D 

2 

< 

< 

p 

til 

JH 

X  2 

ffi 

X 

Eh  M 

X 

H 

o 

< 

U  X 

D 

X 

2  D 

X 

in 

2 

♦  DU 

2 

ro 

M 

♦  CO  U 

M 

X 

♦  CO  O 

2  II 

♦  < 

CO 

X 

1^  X 

U  CO  w 

P 

M 

s; 

2  W  X 

Eh 

< 

X 

M  .j  D 

< 

o 

2  CO  H 

X 

CD 

X 

52  <  < 

U 

> 

M 

<  Eh  c2 

X 

< 

2 

3  to 

2 

D 

U  X 

♦  CO  2 

oovoLfivmooiOi 


^rofn«9'^030»-t 


oot-ttHococ'-r- 


(Nunvooor**voun^ 


Tfrofo^rnr^r-oo 


^mro^mifivcvc) 


(N  VO  iH  I-*  <N  rH  rH 


^mm^mr^r'OO 


^  »  CN  in  ro  ro  O'* 


ou^LOunminirjif* 

t^rOOr-^iHOOlT) 


^fOf0^^oooooo^ 


rv3ir»»^cor^»^Ln^ 


OOr^THOCOr'^- 


oou>i/)«5»*moo>a> 


oi/^Lnirtu^i/ii/iLTi 

t^roor'^iHootn 

^^^mrorofNCNj 


A16 


Appendix  A  Example  Files 


PAGE  14 

HAYSI  PRELIMINARY  W.S.  EL.  1361 


1  tu 

1  M 

1  ^ 

1  r" 

1  2  ii 

1  Ct 
1  < 

t 

u> 

w 

1  >n  X 

2 

o 

1  M 

1  :i 

O 

O 

1  < 

t  0 

M 

1  c 

Eh 

O 

1  C5 

1  (I 

M 

m 

1  > 

1  »- 

D 

1  < 

1  g 

2 

II 

U  O 

Eh  O 

s 

1  '*  X 

1  0 

K  ■ 

D 

\ 

1  < 

U  U 

Eh 

1  u 

2  »-* 

< 

1  <y> 

1  2 

O  U4 

2 

1  '■£> 

I  ♦- 

U  M 

b3 

1  ^ 

u 

CU 

1  >H  It 

Eh  U 

£ 

'  ^ 

V)  0- 

Ui 

>  £  X 

U  (/) 

Eh 

1  tH 

1  a 

X 

1  < 

1  0 

O  W 

1  c 

M  Eh 

2 

1  C3 

1  u 

a  M 

D 

1  > 

1  t- 

w 

CO 

1  < 

1  f 

(ti  • 

o 

a: 

Eh  2 

u 

t  X 

o 

1  0 

Q  Ph 

i  o 

1  « 

2  D 

1  ro 

1  u 
1  s 

Q 

1  in 

t  h 

>4  W 

CO 

1  »■ 

«  W 

Ui 

1  X  II 

<  < 

u 

i  X 

D  03 

< 

1  <  X 

a: 

b. 

1  M 

00  >4 

1  < 

t  c 

U  00 

n  X 

1  < 

Pri  < 

1  £h 

1  o 

1  1 

CO 

o  O 

1  > 

2  CO 

1H  X 

1  < 

1  f 

M  w 

o 

U  2 

<« 

a:  ui 

J  0 

1  "  X 

D  2 

ffl 

1 

u 

<  X 

1  o 

i 

u  u 

Eh  m 

1  1 

o  m 

< 

1  CO 

(  ^ 

1  1 

CO  JH 

sg 

CO 

2 

i  X  II 
'  ^ 

p 

O 

1  £  X 

EH  CO 

tH 

1  M 

^ 

Eh 

1  < 

1  i 

K  2 

M 

1  < 

U  U 

O 

*  O 

1  c 

Cb  £ 

2 

1  > 

1  1 

£  Eh 

O 

1  < 

U  CO 

U 

Eh  D 

H 

1  X 

U  Q 

< 

1 

P  < 

D 

1  CO 

CO 

1 

S  U 

D 

1  00 

U  £ 

»  n 

1 

2  O 

O  CO 

1  m  II 

U 

1  Ui 

1  X  X 

. 

1  M 

CO  Eh 

X 

1  < 

I 

U  CO 

Eh 

1 

2  2 

2 

1  o 

t 

O  O 

O 

1  > 

1 

►4  D 

£ 

1  < 

< 

U 

> 

X  2 

ffi 

1  ”  X 

Eh  M 

1 

Eh 

1  o 

u  oc: 

D 

1 

£  D 

X 

1  m 

♦  DU 

2 

1  ro 

♦  CO  U 

M 

♦  CO  O 

1  2  II 

♦  < 

1  < 

CO 

2 

1  1^  X 

U  CO  tx3 

D 

1  M 

2  W  2 

Eh 

1  < 

M  p 

< 

2  n  fcH 

2 

1  C5 

2  <  < 

Ui 

1  > 

<  Eh  2 

X 

I  < 

2  U 

£ 

u  a. 

♦  CO  £ 

♦  u  u 

S 

♦  X  Eh 

CO 

> 

♦  Eh 

< 

bl 

CO 

Q 

< 

u 

(NinvOOOOOQOOOOO 


^mro^tr»inini/i 


^  I  fN  'tf  m  inifun 


^mr>Trinir)U>if» 


V  I  (N  ^  in  in  m  in 


oooooooo 

oooooooo 

oininininminin 

r-roor^^t-icoin 

^«j''«Trororor'jr'i 


U  2 

1  >•  •> 

>>  >> 

ij  n 

1  X 

» 

ffi 

♦ 

i  X 

<  X 

1  ^ 

• 

H  M 

1  u 

< 

1  a> 

1  2 

1  VO 

1  M 

1 

1  ^ 

CO 

t  X  11 

1 

2 

1  Ui 

O 

1  CO  X 

1 

M 

1  M 

1  V 

Eh 

1  < 

1  X 

W 

I 

1  o 

D 

•  o 

1  X 

2 

1  > 

1  M 

U 

1  < 

1  2 

U 

1 

1  D 

•J 

i 

< 

t 

1  X 

D 

1  (N 

1  < 

CO 

1  Ui 

D 

1  CD 

1  2 

1  r- 

1  H4 

(ti  iiniHr^or'Jcoeoi-* 
g  iinmcoooiooirM^ 

2  i^rrom^inminin 


(Miniocococococo 


^roro^minmin 


OOiHTHrHiHrHr 


^mm^inminin 


^r<imvLnininm 


^mro^ininmin 


^mro^inininm 


otninininminm 

r^mor^^iHcoin 

rHt—liHlHiHTHtHfH 


Appendix  A  Example  Files 


A17 


****  WARNING  **** 

THESE  TABLES  ASSUME  THE  LOWEST  CONCRETE  TEMPERATURES  OCCUR  IN  FEBRUARY  AND  THE  HIGHEST  CONCRETE 
TEMPERATURES  OCCUR  IN  AUGUST.  SOME  ADJUSTMENTS  MAY  BE  NECESSARY  BASED  UPON  'SITE  SPECIFIC"  CONDITIONS. 
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